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c-1 Open-Channel Flow Classifications 2-3,4-16
c-2 Pressure Flow Definition Sketch 2~6,2-9,3-7
c-3 Exit Portal Pressure 2-7,5-24(2) ,Table D-L,
F-3e(1)
c-4 Resistance Coefficients, Concrete 2~12a,c,d,e,g,g(1)(b),
Conduits g(l)(c),g(Q)(b),5-2C,
Table D-L
Cc-5 Hydraulic Elements, Conduit 2-12f ,4-2¢
Sections
c-6 Flow Characteristics, Horseshoe 2-12f
Conduits
C-7 Resistance Coefficient, Corrugated 2-12g(3)
Metal Pipe v
c-8 Head Loss Coefficients, Abrupt 2-13b,c
Transitions
Cc-9 Loss Coefficients, Conical 2-134
Transitions
Cc-10 Bend Loss Coefficients, Circular 2-13e(2)(a)
Conduits
Cc-11 Loss Coefficients, Circular Con- 2-13e(2)(a)
duits, Multiple Miter Bends
c-12 Loss Coefficients, Rectangular Con- 2-13e(2)(b)
duits, 90° Circular Bends
c-13 Relative Loss Coefficients, Rectan- 2-13e(2)(Db)
gular Conduits, Circular Bends
C-1L Loss Coefficients, Rectangular Con- 2-13e(2)(b)
duits, Triple Bend
Cc-15 Examples of Cavitation Hydraulics 2-14
c-16 Air Demand, Primary and Secondary 2-19
Maxima
C-17 Air Demand 2-19
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c-18 Sluice Location, Monolith Center 3-1,3-3a
Line
C-19 Typical Off-Monolith Center Line 3-1
Sluice Location
C-20 Conduits, Circular Bends, Minimum 3-3b
Pressure
c-21 Sluice Intakes 3-L,4-21
c-22 Pressure Drop Coefficients, Sluice 3-6c,4-12,4-21
Entrances
c-23 Vertical-Lift Gate, Gate Slot 3-9a,3-13,3-17f,4-15,
Details L-16
Cc-2h4 Discharge Coefficients, Conduit 3-9b
Tainter Gates, Free Flow
C-25 Discharge Coefficients, Fixed-Cone 3-104
Valves
c-26 Pressure Coefficients, Gate Slot 3-13
c-27 Incipient Cavitation Coefficients 3-13
for Slots
c-28 Sluice Exit Portal, Roof 3-19
Constrictions
C-29 Exit Portal Deflector, Allegheny 3-19
Dam Model
c-30 Sluice Exit Portal, Sidewall Flare  3-19
with Roof Constriction, Red
Rock Dam Model
C-31 Sluice Eyebrow Deflector, Folsom 3-20
Dam Model
c-32 Intake Loss Coefficients, All Gates  L4-3a,4-21,D-8,Table D-L
Fully Open
c-33 Intake Loss Coefficients, All or 4-3a,4-21
Fewer Gates Open
c-3k Concrete Conduits, Intake Losses, L-3g
Drop Inlets
Cc-35 Vortex Formation L-3c
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Cc-36 Types of Conduit Gates 4-9,4~14
c-37 Pressure Drop Coefficients, 4-12,4=21
Entrance with Roof Curve Only

C-38 Conduit Entrances with Roof Curve 4-13,4-21
an@ Side Flare

C-39 Discharge Coefficients, Vertical- 4-16
Lift Gate

C=40 Definition Sketch, Low-Level 5-2b
Outlets ‘

C-41 Stilling Basin Layout, Single 5-2d4(1),5-2h,5-21
Outlet

C=41A Stilling Basin Trajectory Modifi- 5=-2d4(3)
cation to Reduce Low Flow Eddies *

C=42 Outlet Channel 5=-2k,5=6

C=43 Preformed Scour Hole 5=-4

C-44 Water Quality Intake Types 6-1

C=45 Water Quality Outlet, Concrete 6=2b(4),6~-4a
Gravity Dam, Rowlesburg Dam

C-46 Water Quality Outlet, Earth Dam, 6-2b(4),6-4b

_ Beltzville

C-47 Intake Structure, Multilevel 6-2b(4) ,6-4b
Detail, Taylorsville Dam

C-48 Intake Structure, Multilevel 6-2b(4) ,6-4Db
Detail, New Hope Dam

C-49 Temperature Control Weirs 6-2b(5)

C-50 Multiple Penstock Intake Struc- 6-4a
ture, Dickey Dam

C-51 Cylindrical Gate Intake Tower, 6-4b
DeGray Dam

Cc-52 Water Quality Intake, Earth Dam, 6-4b

Beech Fork
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AREA PERIMETER RADIUS
SECTION (A) (P) (R)
T RECTANGULAR SHAPE
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J. BH 2(B+H) 2B+
—s—=
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-77 D2 D
— 7TD —
4 4
YERTICAL.-SIDE HORSE SHOE SHAPE
d 2 o+ T
7 2
:{ BH+T BrM4nr B+MH+7wr
b=
OBLONG SHAPE
2 BH +7 r2
HI BH+wr 2H+7) —_2(H+'nr)
le—8—e]

i

2r r‘ ,L(

!

FROM HDC 224-2

SLOPING-SIDE HORSESHOE SHAPE

n2
H(B+AB)+12—— B+2(H2+(AB)2) 247 r

f-B-o L—AB

CURVED-SIDE HORSESHOE SHAPE (USBR)

3.3172 r2

6.5338 r

2
;
H(B+AB)+ZTT-

B+2(H2 4+ (AB) ) 4 mr

0.5077 r

HYDRAULIC ELEMENTS
CONDUIT SECTIONS

PLATE C-5
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b. GEOMETRY OF CROSS SECTION OF
USBR STANDARD HORSESHOE TUNNEL
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P WETTED PERIMETER
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hg = HEAD LOSS, FT
K = LOSS COEFFICIENT
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b~ T2y rl w w
WHERE: H=W/2 H=2w
hy, = BEND HEAD LOSS, FT
K = BEND LOSS COEFFICIENT LOSS COEFEICIENTS
V = FLOW VELOCITY, FPS
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(From ASME, item 64, and WES Trans., item 116)

PIATE C-12



EM 1110-2-1602

15 Oct 80
2.0
1.5 d
1.0
0
. 0.8
b—
4
u /
O o6
I8
m /
w
0 V
0
2 0.4
o /
a
w
2 /
F o3
<
Jd
w
x /
0.2 /
0.1
10 20 30 40 60 80 100 150 180
BEND DEFLECTION ANGLE 6, DEGREES.
-l
BASIC EQUATION ro H
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WHERE

I

hp, = BEND HEAD LOSS, FT _r_z__ 1.5H
C = RELATIVE LOSS COEFFICIENT r ~os
K =90° BEND LOSS COEFFICIENT (PLATE 12)

V = CONDUIT VELOCITY, FPS

g = ACCELERATION OF GRAVITY, FT/SEC?

REYNOLDS NUMBER ABOUT 200,000 RELATIVE LLOSS COEFFICIENTS

RECTANGULAR CONDUITS
CIRCUL AR BENDS

I

(From ASME, item 64)
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V= CONDUIT VELOCITY, FPS RECTANGULAR CONDUITS
K= LOSS COEFFICIENT
9= ACCELERATION OF GRAVITY, FT/SEC? TRIPLE BEND

FROM HDC 228-6
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PLATE C-15
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2.00
P
// /]
2 ”
P 4
<l s
1.00 -
[T+ 4 104 /
- A T
/ el
$ A LA
SUGGESTED DESIGN CURVE 4
0.0 Sa 003 (F-1)' %8 A,
- 2.
| Ny
" / 40 4
5.0 10glsm—00.5
0.40 7
s e80T &7
> /"" o AP50
J /a8 A/
Qa P eo EX 7
Qw i /
5.0/
s.0dld -’.Of
0.20 A 6o ;
| / ,’ kl.o /
0! Y0 '
(R il Y.
V0700 4.0
5.5
20 4 | 3.0
1 Ol 2.0 / 7o
0.0 2.0x3
- 13.0
4/ /‘4.0 / 4
/ / [ £ \
sol | Xszsd | X0
0.06 v
5.0 ) 7
# mu»g(e & ROBERTSON TESTS
— _ 4
/ N
2 3 4 5 6 7 8910 20 30 <0
(¥-1
NOTE | ¥ = V/v/3y (FROUDE NUMBER)
V = WATER VELOCITY AT VENA AIR PROPERTIES
CONTRACTA, FPS: AT SEA LEVEL ATMOSPHERIC PRESSURE
3 = WATER DEPTH AT VENA
CONTRACTA, FT KINEMATIC SPECIFIC
Qa= AIR DEMAND, CFS TF:P v;.sTcz?glE'rcv DENSITYa WEIGHT3
Qu= WATER DISCHARGE, CF5 Stue/FT LE/FT
80 1.69 x 10-4 2.28 x 10~-3 7,35 x 10-2
LEGEND 60 1.58 x 10-4  2.37 x 10-3 7,63 x 10-2
O———0 PINEFLAT-HM=370FT e s 2
©-————0 PINE FLAT-H= 304 FT %0 1.46 x 10 2.47 x 10 7.94 x 107
Omw=e—O PINE FLAT ~H=254 FT
Dm0 DENISON-HZ=84FT
X———X HULAH-HZ=24FT
&———0 NORFORK -HZ 154 FT
v TYGART ~H =92 FT
o) BELTZVILLE H =114 FT
(3-TEST AVG*
Hz HEAD,POOL TO CONDUIT CENTER LINE
FIGURES ON GRAPH SHOW GATE
OPERING IN FEET.
* PROBABLY FREE FLOW
CONDITION
AIR DEMAND
FROM HDC 050-1

PIATE C-i7
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s
-A
7 B
-y
LOCATION OF MINIMUM
PIEZOMETER HEAD
{SEE NOTE)
6
PLAN
ENERGY GRapieny
2
PRESSURE cRapignT -9
5 ._GRADIE
PRESSUR DATU
' ]
] 2 1
14 : HIV-/Zg 1
‘ [ i ot
cr B\
PRESSURE PROFILE
3
2
2
C. = -1
r R/C 1)NR/C+1
(R/C = 1) LN ———
R/C -1
2
T
1 \
—~]
\-\_'\
% 2 4 6 s 10 12
R/C
EQUATIONS
v2 _v_lz_ H-H o NOTE: B = 22.5° FOR CIRCULAR CONDUITS
Htzg~Hi*2g > vz P AND 45° FOR RECTANGULAR
29 CONDUITS.
9
WHERE
H = PIEZOMETRIC HEAD FROM PRESSURE
GRADIENT EXTENSION, FT
V = AVERAGE VELOCITY, FPS
9 *ACCELERATION OF GRAVITY, FT/sEC? CONDUITS
Hi = MINIMUM PIEZOMETRIC HEAD, FT CIRCUL AR BENDS
Vi = VELOCITY AT LOCATION OF M;, FPS
Cp= PRESSURE DROP PARAMETER MINIMUM PRESSURE
C =CONDUIT HALF WIDTH
FROM HCD 228-3

PIATE C-20
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HALF SECTION INTAKE

LONGITUDINAL SECTION

15 Oct 80
r—dw |
ORIGIN
/ A A
| b wss
- w/2
nix To—-
SECTION A-A SECTION B-B
>l w4
» ”
OPERATING
GALLERY
o TU‘
5 ! |
9 | | |
N —¢ —SLUICES. ] - —
° _J-’A:""f INSPECTION GALLERY
® =&, @ P

d. FLUSH INTAKE

TAINTER GATE

OPERATING
GALLERY

g
SLUICE

¥ inspecTion ¥
" GALLERY

INTAKE

LOW-LEVEL SLUICE

BRIDGE

PROTRUDING

TAINTER
GATE

HIGH-LEVEL SLUICE

b. PROTRUDING INTAKES

SLUICE INTAKES

PLATE C-21
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0.0 T T T T T
3 BASIC EQUATION
X "y
C=
0.2 vz —
18] -
o \ 29
z \\ WHERE :
g oa o C = PRESSURE DROP COEFFICIENT 1
c W Ho= PRESSURE DROP FROM POOL, FT
b \ \ V = AVERAGE VELOCITY IN CONDUIT
o \ . TOP ¢ PROPER, PS
Y oos > t
a
g Y [~
° \— si0£ ¢
& 08 2N = }
\\\ ~~.
E o AN S .
N TOP CORNER
12 e —
0.0 0.2 0.4 06 0.8 1.0 1.2 1.4 ) 1.8 2.0
L
°
X —— ORIGIN
P
=1 £:0.33
v
P.T
a. SIMPLE CURVES
0.0, T T T 1 .
BASIC EQUATION
Hp
C=
o 02 5_2
b 9
Zz - .
W \ 0P € WHERE :
}:’ 0.4 b= — C =PRESSURE-OROP COEFFICIENT
u Ho= PRES SURE DROP FROM POOL,FT
u S V = AVERAGE VELOCITY IN CONDUIT
o . PROPER, FPS
% 0.6 S
g ‘l\ K., </ SIDE €
H \ T~
> os oy
@ s
w \JL Py
4 - c—t
-8
1.0 l
S~ TOP CORNER
1.2 | I
0.0 0.2 0.4 06 0.8 1.0 1.2 1.4 16 18 2.0
L
©
le—L x |
]
PCI x X —— ]
s 0 /L Y
o ORIGIN A l =016
x .
X+ Y o U 2 RIGIN B
0? (320 o Y _ il
a 5= 0.32 Y -o6
%=o‘oaz Y erv’
NOTE: X 067 l‘..;+__"2 - =t
o ™ of  (o.16D)

CONDUIT HEIGHT
CONDUIT WIDTH

D = DIMENSION OF CONDUIT IN
DIRECTION CONCERNED, FT

L = DISTANCE ALONG CONDUIT, FT

FROM HDC 21 -1, I/1

=1.765

b. COMPOUND CURVES

PRESSURE DROP COEFFICIENTS

SLUICE ENTRANCES

PIATE C-22
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—A
GATE IN OPEN\LE Iw { ‘
POSITION
e s [
' |
|‘ |
\ | R =0.714W
|
L2777 7 7R

INCREASE TO 2W FOR
2 HEADS > 250 FT

. BOTTOM .
DETAIL OF ROOF SLOT
‘ w l
N &
(4
N\ S 2 2/ R =0.114W"
3 =
X 7
1 P
y
1 —————
1 ] W
x| P
s 4
7 /4 f;
SR INCREASE TO 2W FOR
1 ¥ HEADS > 250 FT
7

+

DETAIL OF SIDEWALL SLOT

NOTE: GATE LEAF, FRAME, AND LINER
MAY BE OF CAST OR WELDED
CONSTRUCTION.

VERTICAL-LIFT GATE
GATE SLOT DETALLS

PLATE C-23
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T T L Bl

TOP OF
CONDUIT
i __.J.L
[

//
55 |
// '\/ N

\ {
\ 520
S\
02 \\’l‘,
e o ™ -3 L] 4 9 [
HER N ) Shoe] s i
Q \,
NN
46°N
N\
\\ 42°
N
[+] L
080 065 070 075 0.80 o885

DISCHARGE COEFFICIENT) <

LE
BASIC EQUATION: GEND

Q=CG,BVEgH ———— VON MISES
o= =@ GARRISON MODEL (H MEASURED TO LIP)

— e GARRISON (THEORETICAL,
FROM VON MISES)

WHERE :
Q =DISCHARGE, CFS
€ =DISCHARGE COEFFICIENT
Go=GATE OPENING, FT
B =WIDTH OF GATE OPENING, FT
H =ENERGY GRAD. EL. MINUS
(INVERT EL. +CGo), FT

DISCHARGE COEFFICIENTS

CONDUIT TAINTER GATES
FREE FLOW
FROM HDC 320-3

PLIATE C-2k
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09
u L
Voo
w4
Y /
SUGGESTED DESIGN CURVE /
(S/X-VANE VALVES)
\ /
)
07 //
"
ya
/
/
0.8 / //
Sy
v v LEGEND
- / @ WATAUGA PROTOTYPE VALVE NO |, D=8.0'
z '/ ¥ WATAUGA PROTOTYPE VALVE NO 2, 0z8.0°
G 95 ’ O FONTANA PROTOTYPE D=7.0' T |
e D// 0 NARROWS MODEL D=7.0'
e
8 fi
(8}
u /
[-4
< /
04 ~
@ Y
3
h“~succ£srso DESIGN CURVE
(FOUR~VANE VALVES)
0.3 “
o/y
A
0.2—
°
Py
ool
0.0 o1 0.2 03 0.4 as 06
BASIC EQUATION SLEEVE TRAVEL
Q=CA ,_—ZgHe DIAMETER
WHERE:

C=DISCHARGE COEFFICIENT
A=AREA OF CONDUIT IMMEDIATELY UPSTREAM

FROM VALVE, FT2

He= ENERGY HEAD MEASURED TO CENTER LINE OF

CONDUIT IMMEDIATELY Ul

FROM HDC 332-1, 1/1

DISCHARGE COEFFICIENTS

PSTREAM FROM VALVE, FT FIXED-CONE VALVES

PLATE C-25
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020 U I I 1
0 REFERENCE
~ e
o SURE
r e stor— GRAD/IENT | —
"i 0.0 Q ——
o
g
g DEFINITION SKETCH
W
S
w
3 . )
a 2 \ o
g 0.00 1 s
o

PRESSURE COEFFICIENT, C

| NOTE: X/W = RATIO OF DISTANCE FROM
DOWNSTREAM EDGE OF 5LOT TO
WIDTH OF SLOT o0

=-0.10

£

0557w R=0.114W
R=O./SSW. i (MAY BE SQUARE) 1:12 taper, increase to 1:24 for
(MAY BE SQUARE) heads 2 250 1.

Yo.00rw
a. PRESSURE DETAILS

.,
: + \NL ] 0
\\
>\"

MINIMUM PRESSURE DOWNSTREAM FROM SLOT

~0.3%% 0.5 ) .5 2.0 2.5
W
EQUATION °
3 b. MINIMUM PRESSURE
Hy=CH,
WHERE :
H4 = PRESSURE DIFFERENCE FROM
REFERENCE PRESSURE, FT
C = PRESSURE COEFFICIENT PRESSURE COEFF'C'ENTS
H_ = CONDUIT VELOCITY HEAD AT
Y  REFERENCE PRESSURE STATION, FT GATE SLOT

FROM HDC 212-1/1 1/2

PLATE C-26
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'--—w—-—o«l
J— SLOTS A, B, C, AND D
i
[
Vo

E 3 et —n-

L + -
\ - \\

SLOTS E, F, G, AND H
P
BC LAN
y PT DIMENSIONS RELATIVE TO W o,
Pl SLOT TYPE R P L
Ll L | 0.425 | 0.200 | 2.50] 0.36
I >

0.425 { 0.425 5.00| 0.29
0.725 | 0.625 7.50| 0.28
1.025 10.825 (10.00) 0.22
- 0.425 2.50] 0.36
- 0.825 5.001 0.29
-- 1.250 7.50| 0.24
- 1.675 |10.00{ 0.27

SLOTS A, B, C, AND D
pc  x? . v?_

Lo =

2 2
gl er
P L N
Uil 1
SLOTS E, F, G, AND H
DOWNSTREAM PLAN OF GATE SLOTS

I |mMmioi0jm|>»

NOTE: CONDUIT HEIGHT = 0.708W

a. GATE SLOTS

0.556 W
FLOW L Y 1 w ! 2.78 W N

MAY DELETE

THIS BEVEL LOCATION g,
A Q.19
B 0.18

b. AIR VENT AND DRAIN INLET PROFILE

BASIC EQUATION:
h, - h,

o= ; IF o> O'i, CAVITATION WILL NOT OCCUR
2
A\

=]

WHERE: 29

Vo = CONDUIT VELOCITY, FPS

H

ho = PRESSURE HEAD IN UNDISTURBED FLOW, FT

hy = VAPOR PRESSURE OF WATER, FT INCIPIENT CAVITATION
O = CAVITATION INDEX COEFFICIENT COEFFICIENTS FOR SLOTS
9

ACCELERATION OF GRAVITY, FT/SECZ2

PLATE C-27



EM 1110-2-1602
15 Oct 80

SNOILDIYLSNOD 300y
v.LdOd LIX3 A21IN7S

T3A00W Wva Lvd INIA

NOILDIYLSNOD %S+ A31V9ONOT3

T300W WYQ LvY-1d 3NId

NOILDIYASNOD %S | LdNy8Y

2 X E18200°0 = A

g

X €1S200°0 = A

PIATE C-28
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(]

®
0.567D
1.71D

S
x/2
'~
T
PLAN
E
0.567 D
I
t
| ] 1
I { I
L i |
I l 0.64D
!
1,710
) 1
& SECTION DOWNSTREAM ELEVATION

EXIT PORTAL DEFLECTOR
ALLEGHENY DAM MODEL

PIATE C-29
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T3AQ0OW WVYAa %00y g3y

NOILDIYLSNOD JOOA
HLIM VT4 Tvm3adis

vLdOd L1X3 321N

NISvE

FOV4 AVYMTIdS

arzz

NOILVYA33

£ X 077000 = A

SiXv

ERIINN

ﬁ a9sso

PLATE C-30
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Y =0.00133 x2

c{ lc SPILLWAY FACE
| 0.5560| —_0_1}7_0
AN
0.170+ 9.556D VIEW B - B
B B
L 14

VEWA-A  VIEWC-C

SLUICE EYEBROW DEFLECTOR
FOLSOM DAM MODEL

PLATE C-31
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Ry
: )
. e
B — PROFILE
.
PROFILE
PLAN UPSTREAM ELEVATION
K =0.07M; 0.16 P K = 0.05M
(WES; PINE FLAT) (OROVlLLE)

e
PROFILE
PROFILE
::3 \-—-—-F“""'_"J..
PLAN PLAN
K=012M; 0.16 M K=0.13M
K=0.19P; 0.25°P
(DENISON; FT. RANDALL) (NEW HOPE)

PROFILE
]
|
———
"1
PLAN
K=0.12M; 0.11 P
(TUTTLE CREEK)

FROM HDC 2211, 1/1

EMERGENCY
GATE SLOTS
Nz Al
ROOF BELL T - ——=
MOUTH -
1 I
E>__
L 3 PROFILE
PROFILE

TRANSITION

BULKHEAD
stor

PLAN PLAN
K=0.06 M K=010M
(OAHE) (OROVILLE)
4
¥
- ey on
PROFILE PROFILE
é WATER QUALITY QUTLET
PLAN PLAN
K=033M K=121M; 057°P

(TIONESTA) (BELTZVILLE)

BASIC EQUATION:
v2
hy = K—ZE

WHERE:

hy = HEAD LOSS, FT

K = LOSS COEFFICIENT

V = VELOCITY IN CONDUIT
PROPER, FPS

g =ACCELERATION OF
GRAVITY, FT/SEC2

NOTE:

M= MODEL DATA
P = PROTOTYPE DATA

SEE ALSO PLATE C-33.

INTAKE LOSS COEFFICIENTS
ALL GATES FULLY OPEN

PLATE C-32
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Bl -

PROFILE

————

== T
Ay e =

PL

K (TWO GATES) = 0.16 M
K (ONE GATE) = 3.10 M

Ag/Ag = 0.666
(FT. RANDALL)

| | .
PROFILE
3
2
1
PL

——

K (THREE GATES) = 0.08 M
K(GATES 1&3) =029 M
K (GATE 2) =3.22 M

AG/Ac =0.527
(WAPPAPELLD)

Frow

PROFILE

PL

K (FOUR GATES) = 0.20 M
K (THREE GATES) = 0.39 M
K {TWO GATES) = 207 M

AglAg = 0317
(SARDIS)

FROM HDC 22t-1/1, 1°2

Toe0oadaesan

'_"o_!_-._\J_

PROFILE

—_— =
=

PLAN

K {TWO GATES) = 0.22 M
K {ONE GATE) = 180 M

Ag/Ag = 0.509
CEAST BRANCH)

PLAN
K (THREE GATES) = 0.33 M
K (GATE 2} =666 M

Ag/A = 0.423
(TIONESTA)

BASIC EQUATION:

Vw2
=K
e =Kog
WHERE:
hq = HEAD LOSS, FT

N

FLow o

PROFILE

PLAN

K (TWO GATES) = 0.57 ¢
K {ONE GATE) = 262 P

Ag/Ac =0.539
(BELTZVILLE)

PROFILE

PLAN

K [THREE GATES) = 0.20 M
K (GATES 1 & 3) =040 M

Ag/Ac = 0.631

(ARKABUTLA)

K = LOSS COEFFICIENT

V = VELOCITY IN CONDUIT
PROPER, FPS

9 = ACCELERATION OF
GRAVITY, FT/SEC?

NOTE:

NOTATIONS INDICATE GATES OPEN.

M = MODEL DATA
P = PROTOTYPE DATA

SEE ALSO PLATE C-32.

Ag/Ac = RATIO OF ONE GATE PASSAGE
FLOW AREA TO THE CONDUIT AREA.

TO CONVERT LOSS COEFFICIENTS INTO TERMS
OF GATE PASSAGE VELOCITY HEAD, MULTIPLY
K BY THE SQUARE OF THE RATIO OF THE
OPERATIVE GATE PASSAGE(S) FLOW AREA TO
THE CONDUIT AREA.

INTAKE LOSS COEFFICIENTS

ALL OR FEWER GATES OPEN

PLATE C-33
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110 ]
S
(v ! \.
100 /
380 /
NONVORTEX REGION /
80 Z
&L pENISON
/  (VORTEX)
v
70 /
7
7/
[
L /
‘Z 60 5’:1/
1]
8] >/
Z
w
© 50 VORTEX REGION
w
s
m
o
v
40
30 NOTE: S = SUBMERGENCE, FT _
V = VELOCITY IN
CONDUIT, FPS
D = CONDUIT HEIGHT
20 OR DIAMETER, FT
10 Yo b -
.
[} l
() 40 80 120 160 200 240 280 320
VD’:‘
LEGEND
OROVILLE MODEL
DENISON PROTOTYPE
ENID PROTOTY PE’

——— — - —

GORDON (SYMMETRICAL APPROACH)
GORDON (UNSYMMETRICAL APPROACH)

VORTEX FORMATION

PLATE C-35
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»
>
»

PIER NOSE
SERVICE GATE WELL

BULKHEAD EMFRGENCY

—_—
SLOT GATE SLOT ~n TAINTER GATE

TAINTER GATE
GARRISON DAM

EMERGENCY GATE SLOT\

SERVICE GATE SLOT
BULKHEAD SLOT\ /

A
7

TRASHRACK SLOT

| PR
\AIR VENT

gt
| TRANSITION [k
i -
VERTICAL-LIFT GATE
FORT RANDAL L DAM
TYPES OF

CONDUIT GATES

L
PLATE C-36
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0.4 T T v
EQUATION
v2
o os Bl=T0P (¢ Hy=Cg
Y 1 WHERE
g 3 H, = PRESSURE DROP FROM POOL, FT
) C = PRESSURE DROP COEFFICIENT |
° N 2
: %%: VELOCITY HEAD IN RECTANGULAR
£ TOP CORNER CONDUIT SECTION, FT |
& $
£ Y
2
£ 12
1.
‘ 0.0 0.2 18 18 2.0
[+]
a. ‘“‘SHORT” CURVE
0.4 o]
o r NOTE: D - HEIGHT OF RECTANGULAR
z ! CONDUIT SECTION, FT
g s TOP CORNER X = DISTANCE ALONG CONDUIT, FT
g
& -,
g -
S 1 = =y
3 .,
2 s
4
& 12
14 1
[.X] 0.2 0.4 0.6 a3 1.0 1.2 14 16 1.2 2.0
X
0
b. “LONG" CURVE
X
2=15
pc.| 310 b
{ IGIN ORIGIN
i ,  “SHORT" ““LONG"™
' LS G
! (1.50)2 2_ Y 2 Y 2
| (30)1 [T T
: “LONG"
1
1
: xz* y2 )
] - —‘3=
; 4 @ — PI.
[ . T ']
{_swoRT — . 113
X
DEFINITION SKETCH
CONDUIT HEIGHT-WIDTH RATIO = 1.785
PRESSURE DROP COEFFICIENTS
FROM HOC 221-2, 2/1 ENTRANCE WITH ROOF CURVE ONLY

PLATE C-37
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0.2 ‘ ‘
_LOCATION
0.4 ] S___ CORNER GATE OPERATION i
R ° [ ALL OPEN(HEAD=I3IFT)
' o s ALL OPEN(HEAD=7IFT)
“ s n SIDE GATES CLOSED(HElAD=7lFT)
Y 06 “ NOTE: D =DIMENSION OF RECTANGUL AR ——]
- b GATE SECTION IN DIRECTION
z B CONCERNED, FT
g M : L=DISTANCE ALONG CONDUIT, FT
b [ l
s o8l Y
S ~ EXPERIMENTAL
a | ~~ ~3 THREE - DIMENSIONAL
© \ N\ COMPUTED
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